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Abstract 
The aim of this study was to evaluate the viability of bull spermatozoa diluted with commercial semen 
extender and two culture media stored at controlled room temperature (24 °C) for 72 hours. Two Nguni bulls 
were used for semen collection with the aid of an electro-ejaculator. After macroscopic evaluation, semen 
was pooled and aliquoted randomly into Triladyl, modified Ham’s F10, and TCM-199 culture media, and then 
stored at 24 °C. Sperm motility parameters, morphology, and viability were analysed with computer aided 
sperm analysis (CASA) after 0, 24, 48 and 72 hours. The study was replicated four times, and data were 
analysed using analysis of variance (ANOVA). Triladyl had significantly higher sperm viability rate (41.3%) 
and total motility rate (96.3%) for 72 hours than modified Ham’s F10 (86.8%; 26.5%) and TCM-199 (76.7%; 
25.0%) culture media. Ham’s F10 had higher progressive motility rate (37.8%) than the other extenders 
TCM-199 (31.7%) and Triladyl (23.4%). There was no significant difference in viability rate between Ham’s 
F10 (26.5%) and TCM-199 (25.0 %) after 72 hours’ storage at 24 °C. Furthermore, no significant difference 
was observed in total sperm abnormalities, except for reacted acrosomes and absent tails, between the two 
Nguni bulls. Nguni semen can be preserved in Triladyl or modified Ham’s F10 and TCM-199 culture media, 
stored at 24 °C, and stay viable for 72 hours.  
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Introduction   
Provision of improved livestock genes into rural livestock production systems can play an important 
role in changing poor livestock farming conditions in rural areas that focus on household subsistence (Lebbie 
& Kagwini, 1996), into viable commercial enterprises that are open to the global market. Livestock and crop 
farming are the major forms of agriculture in the province of Limpopo in South Africa, with communal cattle 
farming enterprises comprising approximately 50% of farming in remote areas of Vhembe district. 
Production, however, is primarily for subsistence purposes with little marketable surplus (Stroebel et al., 
2011; Mafukata, 2014; 2015). Furthermore, the livestock animals (cattle, goats and sheep) in the Vhembe 
district still show clear signs of past inbreeding, which results in low production. The indicators include small 
body size, slow average daily weight gain, decreased fertility, extended calving intervals, and loss of natural 
resistance against diseases and parasites. An artificial insemination programme could be the most 
appropriate reproductive technology to improve the genetic material of the livestock animals in the 
community. However, implementation of such a programme is challenging because of limitations such as the 
availability of liquid nitrogen, storage of semen tanks, and the cost of semen tanks.  
Successful preservation of semen in liquid state requires that sperm motility and metabolic activity 
reduction caused by refrigeration should be reversible (Yoshida, 2000). Cooled bull semen is used mainly in 
fixed-time artificial insemination programmes (Crespilho et al., 2014), because of its limited shelf life 
(Vishwanath & Shannon, 2000; Verberckmoes et al., 2004). However, the advantage of using fresh semen 
includes the ability to inseminate a large number of animals in a short time (Bucher et al., 2009) with 
relatively low sperm numbers per insemination, high sire utilization, inexpensive storage, and ease of use in 
the field (Vishwanath & Shannon, 2000; Verberckmoes et al., 2004).  
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Preservation of bovine semen in fresh and frozen states has been studied substantially (Vishwanath & 
Shannon, 2000). Egg and milk-based extenders are used extensively for semen extension and storage of 
animal species (Kasimanickam et al., 2011; Khan et al., 2012). In addition, vegetable origin extenders are in 
vogue, which are considered alternatives to milk or egg yolk-based extenders (Gil et al., 2003). According to 
Aires et al. (2003), soy lecithin-based extender is superior to egg yolk-based extender for bovine and ram 
semen. Singh et al. (2012) observed that 25% soya-based extender produced better motility, viability, and 
membrane and acrosome integrity of bovine semen at 5 °C at different time intervals. Also, Kasimanickam et 
al. (2011) reported that DNA fragmentation index, mitochondrial membrane potential, and semen motility 
were improved in particular in the soy-based extender compared with the milk-based extender during liquid 
storage.  
Caprogen diluent has been used to preserve bull semen at room temperature. Originally, Caprogen 
diluent was developed for preservation of bull semen at 5 °C, but because of good fertility results obtained 
after being stored at 15–27 °C, it was then used mostly at ambient temperature (Shannon & Curson, 1984). 
An alternative to Caprogen diluent, CEP-2 diluent, has been proved to be the first medium that can be used 
as a diluent for prolonged preservation of fresh bovine semen (Verberckmoes et al., 2005) at room 
temperature.  
Culture media for embryo growth were first described in 1912 for the growth of an embryo of a rabbit. 
These culture media, like Earle’s, Ham's F-10, Tyrode's T-6, and Whitten's WM1, were based on various 
salts and were constructed to support the development of somatic cells and cell lines in culture. The use of 
TCM-199, supplemented with 10% foetal bovine serum, pyruvate, follicle-stimulating hormone, estradiol, and 
antibiotics, remains the method used in most laboratories to culture mature bovine embryos (Sirard et al., 
1988). Frozen-thawed bull semen diluted in TCM-199 supplemented with antioxidants did not show 
significant improvement in sperm motility characteristics (Bucak et al., 2010; Sarıözkan et al., 2014), but 
increased post-thaw sperm acrosome damage and abnormalities (Sarıözkan et al., 2014). To the knowledge 
of the authors, there is no study available, to date, on the liquid preservation of freshly collected bull semen 
using TCM-199 or Ham’s F10 culture media. The objective of this study was therefore to evaluate the 
viability of bull spermatozoa preserved for 72 hours in modified Ham’s F10 and TCM-199 culture media and 
the commercial extender Triladyl, stored at a controlled room temperature of 24 °C as an alternative to 
frozen/thawed semen straws. 
 
Materials and Methods 
The study was conducted at the Centre of Excellence in Animal Assisted Reproduction of the 
University of Venda, Thohoyandou. Two Nguni bulls of good body condition score and proven fertility 
records, kept under intensive care, at the ages of 2 to 3 years, were used for semen collection. The study 
was carried out in strict accordance with the recommendations in the Guide for the Care and Use of Animals 
under the guidelines of the University of Venda Animal Ethics Committee. Semen collection was done with 
an electro-ejaculator. Collected semen was transported to the laboratory within 10 minutes. Only 
uncontaminated semen samples with progressive motility (PM) of >70%, morphological defects of <20%, and 
concentration higher than 1.0 x 10
6
 were pooled together to eliminate individual differences. Pooled semen 
was randomly aliquoted into two culture media, TCM-199  and Ham’s F10; Both were supplemented with 
0.025 g/4mL maltose monohydrate (C12H22O11.H2O), 10% bovine serum albumin (BSA), 10% HEPES buffer,  
and 1% antibiotic cocktail (penicillin, streptomycin and fungizone), and in a commercial extender Triladyl. A 
dilution ratio of 1 : 4 (semen : extender) was used. Extended samples were stored at a controlled room 
temperature of 24 °C for 72 h.  
The sperm motility parameters (total motility(TM), progressive and rapid motility (PRM), curvilinear 
velocity (VCL), average path velocity (VAP), linearity (LIN), straight line velocity (STR) and wobble (WOB)) 
were evaluated with the computer-aided sperm analysis (CASA) system (Sperm Class Analyzer® (SCA) 5.3, 
Microptic, Barcelona, Spain) at 0, 24, 48 and 72 h. Five fields were captured for each analysis of the samples 
with a 10x objective.  
Abnormal spermatozoa, such as acrosome-reacted, coiled or bent tails, double heads or tails, and 
distal and proximal droplets, were determined by staining with Spermac® (Stain Enterprises, P.O. Box 152, 
Wellington 7654, South Africa). Sperm smears for each bull were first prepared by pipetting a 15 µL drop of a 
non-pooled extended semen sample on a clear end of slide, smeared across, and allowed to air dry. The 
dried smears were then stained with Spermac® stains, following the manufacturer’s recommendations. A 
drop of immersion oil was poured onto the dried stained slide and covered with a cover slip before evaluation 
using the CASA microscope with a 60x objective. The percentages of acrosome-reacted, absent tails, coiled 
or bent tails, and total abnormalities were determined by counting 200 spermatozoa per each stained slide.  
Spermatozoa viability was assessed by nigrosin-eosin stain. Six microlitres of the semen sample and 
20 µL of eosin stain were poured on the end of a warmed glass slide and mixed with a pipette tip on a warm 
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stage at 37 °C. A drop of 20 µL nigrosin stain was then poured onto the mixture on the slide and mixed with 
the same pipette tip. The edge of the second slide, also pre-warmed at 37 °C, was used to smear across the 
slide. Immediately after smearing, the smeared slide was placed on a hot Buehler® slide warmer (Buehler 
Ltd., 41 Waukegan road, Lake Bluff, Illinois, USA) at 120 °C to allow fast drying. A drop of immersion oil was 
poured on the dried stained slide and covered with a cover slip before evaluation with CASA at 60x 
magnification. The percentages of viable/live (white sperm heads) and non-viable/dead (pink sperm heads), 
were determined by counting a total of 200 spermatozoa per each stained slide. 
The study was conducted in four replicates and data were analysed statistically with the general linear 
model (GLM) procedures of Minitab program (Minitab 2013), using 3 x 4 factorial in a completely randomized 
design. Analysis of variance (ANOVA) was used for analysis of the results. Means of treatments were 
compared using Tukey’s post hoc test. Significance was set at P <0.05. 
 
Results and Discussions 
Despite the effect of the high storage temperature of 24 °C, the results indicated that bull semen could 
be extended in modified Ham’s F10 and TCM-199 culture media, and the commercial extender Triladyl, and 
stay viable for more than 24 hours. For the first time, bull semen was extended in Ham’s F10 and TCM-199 
culture media and survived for three days. Sperm motility and viability gradually decreased over time for 
various reasons such as nutrient depletion in the extenders. Triladyl, however, showed consistently better 
results in TM, VCL, VAP and WOB for 72 hours at controlled room temperature 24 °C (Table 1).  Afroz et al. 
(2008) also found consistency in buck spermatozoa motility extended in Triladyl at 5 °C.  
 
 
Table 1 Motility rates of extended semen with Triladyl, Ham’s F10 and TCM-199 evaluated at 0, 24, 48 and 

















































































































































































































































SEM  0.9 0.5 0.7 6.4 4.4 5.0
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SEM  0.4 0.2 0.3 3.1 2.2 2.5 2.1 1.4 1.8 
           
a,b,c,d,e,f 
Mean values with different superscript letters in the same column differ significantly; SEM: standard error mean; 
ST: storage time; TM: total motility, PM: progressive motility, RAP: rapid motility, VCL: curvilinear velocity, VSL: straight 
line velocity, VAP: average path velocity, LIN: linearity, STR: straightness, WOB: wobble (P <0.05) 
 
 
Triladyl had a higher spermatozoa TM rate (96.3%) for 72 hours (P <0.01) compared with modified 
Ham’s F10 (86.8%) and TCM-199 (76.7%) culture media. Ham’s F10 had a higher PM rate (37.8%) than the 
other extenders, namely TCM-199 (31.7%) and Triladyl (23.4%). The earliest attempt to culture mammalian 
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cell was in the 1940s, when the culture media contained only human plasma or serum. In the 1990s the well-
defined albumin media additive was introduced.  
Today, albumin is universally added in culture media such as Ham’s F10 and TCM-199  for in vitro 
fertilization (IVF), and as a cryoprotectant for semen cryopreservation, as it is known to be beneficial (Cabrita 
et al., 2001; Blake et al., 2002). Albumin makes up 60 per cent of the total protein in the blood plasma. The 
culture media Ham’s F10 and TCM-199 that were used in this study were both supplemented with 10% BSA 
to serve as a protein supplement. The extender, storage time, and the interaction between extender and 
storage time, however, affected spermatozoa motility and velocity throughout the storage time in both Ham’s 
F10 and TCM-199, compared with Triladyl. The reduction in sperm motility characteristics could be due to 
what previous studies have reported on oxidative stress (Nichi et al., 2007; Sarıözkan et al., 2009). Reactive 
oxygen species (ROS) produced by damaged spermatozoa phospholipids, which are toxic to normal 
spermatozoa, could be mitigated by the use of antioxidants at appropriate optimal concentrations. 
Just as motility is considered the most important characteristic associated with the fertilizing ability of 
spermatozoa and as an expression of their viability and structural integrity (Kathiravan et al., 2011), 
spermatozoa morphological assessment is considered the most significant method of differentiating between 
semen of high and low fertilizing capacity (Ball & Poters, 2004). In the current study, percentages of 
spermatozoa with abnormal morphology between the two Nguni bulls were not significantly different and 
were within the physiological range (Table 2). The morphological abnormality that was observed most in both 
bulls was the acrosome reacted sperm heads, which appear red in colour (Figure 1B), followed by absent 
tails (top arrow in Figure 1C). Other abnormalities were bent tails (second arrow in Figure 1C) and coiled tails 
(Figure 1 D). Figure 1A shows normal sperm cells with intact acrosomes. No statistically significant 
difference in total sperm morphological abnormalities, bent tail and coiled tail was observed between the two 
bulls (P > 0.05), but there was a significant difference in absent tails and acrosome reacted (P < 0.05). A 
detailed evaluation in both bulls, however, revealed that spermatozoa with reacted acrosomes made up the 
greatest portion of all the abnormal sperms, followed by spermatozoa with absent tails. The least observed 
abnormalities (less than 2%) were coiled and bent tails. Generally, after 72 hours’ storage, the morphological 
quality of the two Nguni bull ejaculates under study was still high. 
 
 
Table 2 Abnormal morphology rates of extended semen in Ham’s F10 after 72 hours of storage at controlled 
room temperature of 24 °C 
 
Treatment Acrosome reacted (%) Absent tails (%) Coiled tails (%) Bent tails (%) Total abnormality (%) 





















SEM 0.4 0.2 0.2 0.4 0.8 
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Past studies have indicated that spermatozoa motility depends greatly on the available energy source 
in an extender or seminal plasma in the form of adenosine triphosphate (ATP), which is produced from 
metabolism, and therefore requires a constant supply for cell function and survival (Wattimena et al., 2009; 
Miki, 2007). The live and dead mean values of extended bull semen samples after 72 hours of storage are 
presented in Table 3. Normal live sperm cell heads appear white in colour, while the dead sperm cell heads 
appear pinkish (Figure 2A and B) When using nigrosin-eosin stain for viability evaluation, non-stained sperm 
cells were considered alive, while partially and totally stained cells were considered dead, owing to the 
alteration of their plasma membrane which then allowed the stain to penetrate (Felipe-Pérez et al., 2008).  
Exposing fresh ejaculated semen to room temperature conditions would likely exhaust the nutrients of 
the seminal plasma, as they would likely have been depleted by the spermatozoa. This depletion would 
eventually lead to ATP deficits (Wattimena et al., 2009; Miki, 2007). Overall, this condition would disturb the 
efficiency in sperm motility and affects its viability. The highest percentage of TM (91.5%) and viability (41%) 
was obtained with spermatozoa samples extended with Triladyl (with egg yolk) and the lowest (55%) TM and 
(25.0%) viability was obtained with TCM-199 (with BSA). No significant difference was found between Ham’s 
F10 (26.5%) and TCM-199 (25.0%). This indicated that Triladyl extender was able to supply the 
spermatozoa with more nutrients as the energy source than the two culture media Ham’s F10 and TCM-199 
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despite the fact that they were supplemented with 0.025 g/4mL maltose monohydrate and BSA 10% to serve 
as energy and protein source for the spermatozoa for 72 h, respectively.   
 
 
Table 3 Bull spermatozoa viability (life/dead) percentages after 72 h of storage at 25 °C controlled room 
temperature. 
 
Treatment  Live cells (%) Dead cells (%) 













SEM 2.6 2.6 
   
ab






Figure 1 Images indicating bull spermatozoa morphology determined using Spermac® staining method. (A) 
normal cells with intact acrosome; (B) abnormal cell with reacted acrosome; (C) abnormal cells: top arrow 
indicates absent tail and the arrow below indicates bent tail; and (D) abnormal cell: the arrow indicates coiled 
tail 
 




Figure 2 Images indicating bull spermatozoa viability determined using Nigrosin-eosin staining method. (A) 
live cell: head stained white; and (B) dead cell: head stained pink. 
 
Conclusions   
Bull semen can be preserved with the commercial extender Triladyl or modified Ham’s F10 and TCM-
199 culture media, stored at 24 °C controlled room temperature and stay viable for 72 hours. Triladyl proved 
the best extender, showing higher sperm viability and total motility rates for 72 hours. Ham’s F10 proved to 
be the second best extender, showing higher progressive motility for three days. Further research is 
necessary to evaluate fertility rates with Triladyl, Ham’s F10 and TCM-199 as semen extenders stored at 24
 
°C. Again, more work needs to be done on the use of antioxidants at appropriate optimal concentrations to 
mitigate the effects of ROS in extended bull semen. 
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